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O (57) Abstract: The present invention describes how to obtain composite products comprising an active substance supported by a 
J^J carrier, in which the carrier is the linear copolymer of N-vinyl-2-pyrrolidone with vinyl acetate. The composite products are obtained 
CO by co-grinding of the dry mixture of the active substance and of the aforesaid carrier. The composite products thus obtained have 

better chemical -physical properties (lower melting enthalpy and/or lower melting temperature of the active substance) and a higher 
^ dissolution speed with respect to composite products obtained with the same-co-grinding time with other carriers used in prior tech- 
Q niques. Furthermore, the composite products obtained with the technique according to the present invention have the appearance of 
ST powders that are easier to work from a pharmaceutical point of view (flow, compression) with respect to composite products previ- 

ously obtained with other carriers. 
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Composite product obtainable by cogrinding of a active 
principle with a copolymer N-vinyl-2-pyrrolido- 
ne/ vinyl-acetate . 

FIELD OF THE INVENTION 
s The present invention relates to a composite product 
obtained by co-grinding of an active principle with a 
carrier comprising a N-vinylpyrrolidone/vinyl acetate 
copolymer. The present invention further relates to 
the use of said composite product for preparing 

io pharmaceutical compositions aiming at improving 
absorption properties (shorter times for appearance of 
haematic peak, higher bioavailability) of drugs or 
active substances scarcely soluble in water 
environment . 

15 STATE OF THE ART 

The improvement of absorption properties, i.e. o.f 
times for appearance of haematic peak and of 
bioavailability as the area under the haematic curve, 
of- drugs or pharmaceutical active substances that are 

20 scarcely soluble in water environment, has been the 
object of several studies and quite different 
technical suggestions: micronizatibn of the active 
substance with -subsequent reduction of granulometry 
and increase of surface area; formulation with 

25 surfactants; complexation with cyclodextrins and 
derivates; co-precipitation or extrusion with linear 
polymers . 

•Among the most innovative techniques that can enable 
to obtain products with improved biopharmaceutical 
30 properties, co-grinding of the scarcely soluble active 
substance with hydrophilic carriers has been among the 
most applied solutions thanks to its interesting 
results. 

The use of co-grinding of scarcely soluble drugs with 
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the water soluble linear polymer polyvinylpyrrolidone 
was described in 1975 [Chem/ Pharm. Bull., 23, 2973, 
1975). In later publications (Chem. Pharm. Bull. r 78, 
3340, 1977/ Chem. Pharm. Bull., 28, 652, 1980) 
5 . microcrystalline, cellulose was used as carrier for co- 
grinding. 

The use of beta-cyclodextrin was described in JP 
Patent 7986607 and in DE Patent 3427788, in which 
lactose, calcium phosphate and starch. are mentioned as 
io further materials for co-grinding, to be added to 
cyciodextfin, if necessary. 

Hydrophilic silica gel and other adsorbing inorganic 
materials were described in EP 129893, in which the 
obtained co-ground * products are characterized by 
is amorphizations of active substances and improved 
dissolution properties.. 

US Patent 4,639,370 describes co-grinding of scarcely 
soluble drugs with reticulated polymers that are 
insoluble but can be swelled in water, such as 

20 • reticulated polyvinylpyrrolidone or reticulated sodium 
carboxymethyl cellulose: evident improvements of the 
properties concerning passage into solution and of 
absorption properties are obtained for very scarcely 
water soluble drugs such as methyl • hydroxy 

25 progesterone acetate. 

WO 9632931 describes the use of starch sodium 
glycolate as carrier with improvement of dissolution 
speed and anticipation of time of appea'rance of 
ibuprofen haematic peak. 

30 In all documents referred ' to .above co-grinding is 
carried out, leaving aside the kind of grinding mill 
or carrier used, on dry mixtures of the active 
substance, the carrier being introduced into the 
grinding chamber of the selected device. 
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In US. Patent 5,354,560 and US Patent 5,449,521 the 
mixture of powders to be co-ground are introduced into 
grinding chambers that have been pre-saturated with 
water vapors or vapors from solvents that can 
s solubilize the active substance. Here lower co- 
grinding times for obtaining improved properties of 
scarcely soluble drugs are claimed. 

The improvements made to co-grinding technique by the 
introduction of solvent vapors into the co-grinding 

10 chambers, however, are negatively counterbalanced by 
higher process costs and by greater problems involving 
residues in the. final product and by • higher, 
possibilities of degradation of the active substance. 
DESCRIPTION OF THE INVENTION 

is It has now been surprisingly found that the use of 
linear copolymer N-vinyl-2-pyrrolidone/vinyl acetate 
• as carrier for co-grinding of scarcely water soluble 
drugs results in improvements of the crystalline 
structure of said drugs (reduction of melting enthalpy 

20 and/or melting point), greater increase of solubility 
and of dissolution speed with respect to, co-grinding 
times being the same, what can be obtained by using . 
other carriers commonly used for co-grinding, such as 
for instance linear polyvinylpyrrolidone, reticulated 

25 polyvinylpyrrolidone or cyclodextrins. 

The technical features and the advantages deriving 
from the use of N-vinyl-2-pyrrolidone/vinyl acetate 
copolymer (hereinafter referred to as NVP/VA for 
reasons of shortness) as carrier for co-grinding of 

30 scarcely soluble drugs according to the present 
invention will be evident from the following detailed 
description. 

In a preferred embodiment of the present invention the 
selected active substance and NVP/VA carrier, both in 
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powder form, are?pre-mixed in a suitable powder mixer. 
Preferably, powder granulometry can vary within a 
range ' between 0.01 and 1,000 microns both for the 
carrier and for the drug; for instance it can vary 
5 between 0.1 and 200 microns. 

Preferably, the mixture comprising the selected active 
substance and NVP/VA carrier is introduced into the 
grinding chamber of any grinding mill, together with 
the grinding means. 

10 Alternatively the mixture comprising the selected 
active substance and NVP/VA carrier can be introduced 
directly into the grinding mill' without pre-mixing. 
The mill that can be used for co-grinding an active 
substance with NVP/VA carrier comprises a grinding 

15 chamber housing grinding' means of any kind (for 
instance balls or cylinders) . 

Co-grinding comprises for instance a mechanical 
stirring carried out by rolling, centrifugal rotation 
or vibration. 

20 Co-grinding can be carried out at low or high energy 
for times varying from 0.1 to 48 hours; preferably for 
times between 0.5 and 8 hours. 

Preferably, the weight ratio of NVP/VA carrier to 
active substance can be between 200:1 and 1:10; still 
25 more preferably between 100:1 and 1:5; for instance 
between 10:1 and 0.5:1. 

At *■ the end of co-grinding the resulting powder 
comprising the composite product according to .the 
present invention can be sieved or used directly in 
30 the preparation of the pharmaceutical composition . in 
the desired pharmaceutical form, for instance tablet, 
capsule, packet, powder, pellet, syrup or solution. 
The pharmaceutical composition comprising the 
composite product is prepared by . means of the 
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technique known to the person skilled in the art and 
by using excipients and pharmaceutical^ acceptable 
additives commonly used for preparing the desired 
pharmaceutical forms. 

5 Many different classes of drugs can be usefully worked 
with the technique of the present invention, from 
anti-inflammatory agents to analgesics, relaxants, 
anti-microbic agents, antiseptics, acid pump 
inhibitors, H2 antagonists, anti-emetics and anti- 

10 nausea, biliary acids, oral hypoglycemizers, 
diuretics, anti-hypertensives, sulfonamides, ace- 
inhibitors, hypolipemizers, • anti-mycotic agents, 
antihistamines, hormones, quinolone derivates, 
antibacterial agents, beta-lactame and fluoroquinolone 

15 antibiotics, antiviral agents, anti-neoplastic agents, 
immuno-modulators and immuno-suppressors, anti-gout 
agents, anesthetics, analgesics, antipyretics, 5HTi 
agonists, anti-Parkinson agents, anti-psychotic 
agents, tranquillizers, ' antidepressants, anti- 

20 parasitic agents, non-cortisone anti-allergic agents, 
anti-asthmatic agents, anti-glaucoma agents, 
inhibitors of carbonic anhydrase, beta-blockers, and 
others . 

Drugs to which the present invention can be applied, 
25 whatever the therapeutic class they belong to, are 
scarcely water soluble drugs and drugs with low 
dissolution speed. 

Non-exhaustive examples are paracetamol, nifedipine, 
piroxicam, ibuprofen, sulindac, diclofenac, 

30 ' alclofenac, ketorolac, indomethacine, naproxen, 
fenoprofen, flurbiprofen, ketoprofen, cimetidine, 
ranitidine, mesalazine, ursodeoxycholic acid, 
mefenamic acid, simvastatin, megestrol acetate, 
lorazepam, diazepam, cyclosporin, ubiquinone, 
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tolbutamide, ketanserine, furosemide, nicergoline, 
losartan, econazole, miconazole, taxol, progesterone, 
prednisolone, beclometasone, nalidixic acid, 
finasteride, ciprof loxacine, of loxacine, 

lomefloxacine, methotrexate, etoposide, daunorubicine, 
tamoxifen, allopurinolv clodronic acid, sumatriptan, 
carbamazepine, clorpromazine, clozapine, sulpiride, 
.buspirone, . fluoxetine, citalopram, caffeine, 
metronidazole, acetazolamide etc. 

N-2-vinyl-pyrrolidone/vinyl acetate copolymer is a 
flowing powder with a high pharmaceutical workability 
thanks to the spray-drying process used to obtain it. 
Said spray-drying technique results in spherical 
particles with a limited and homogenous size 
distribution. Said morphology of the. particles 
positively affects the flow of the powder and its 
ability to mix with other excipients-. 

Another very important property of said copolymer is 
its low glass transition temperature (Tg) . 
By mere comparison, Tg of NVP/VA .is of about 106 °C, 
whereas the one of the corresponding linear polymer N- 
vinylpyrrolidone is of about 160 °C. ■ 

Glass transition temperature- can be defined as the 
temperature at which a polymer' starts to get fluid 
without being completely melted. 

The Applicant has found it useful to exploit the 
technical property of Tg of NVP/VA for preparing 
pharmaceutical forms for instance as tablets. As a 
matter of fact, during the compression of the 
polymeric powders a low glass transition temperature 
helps the formation of inter-particle bonds thanks to 
an easier def ormation/fluidization of the single 
particles. The formation of inter-particle bonds 
enables to obtain a tablet pharmaceutical form having 
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a higher hardness than the one that could be obtained 
with other traditional excipients by compression, such 
as for instance lactose or microcrystalline cellulose. 
Said better compression properties of NVP/VA copolymer 
have led the Applicant to use successfully said 
copolymer as carrier for co-grinding of little soluble 
drugs so as to obtain powders of drug/carrier 
composite with improved compression properties with 
respect to commonly used carriers such as linear 
polymers, . for instance polyvinylpyrrolidone, 
cyclodextrins, reticulated polymers, for instance 
crospovidone . 

Beyond better compression properties NVP/VA copolymer 
has a lower hygroscopicity with respect to the 
corresponding linear polymer " polyvinylpyrrolidone. 
This lower hygroscopicity involves a higher stability 
of the copolymer during its conservation (preservation 
of flow and ■ compression properties) and a lower 
negative, impact on the stability of moisture- 
degradable drugs mixed or better co-ground with said 
carrier. 

Now, it has been unexpectedly found that beyond better 
compression properties of the resulting powders, co- 
ground products deriving from scarcely soluble drugs 
and NVP/VA have lower melting enthalpies and lower 
melting temperatures with' respect to co-ground 
products obtained with previously* used carriers such 
as polyvinylpyrrolidone, cyclodextrins, crospovidone. 
The following examples of co-ground products obtained 
with NVP/VA (examples 1-8) are given to a mere 
illustrative and non-exhaustive purpose for the 
invention, compared with co-ground products obtained 
with other commonly used carriers (examples A-O) . 
The properties of co-ground products obtained are 
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described in tables 1-7. ■ 
EXAMPLES 

1 - 16.6 g of nimesulide are mixed with 4 9.8 g of 
NVP/VA for 15' • The powder is then poured into the 

5 grinding chamber of a low energy vibrational mill. 
Grinding is carried out for 3 hours. 

2 - 13.3 g of nimesulide are mixed with 53.2 g of 
NVP/VA for 15' . The powder is then poured into the 
grinding chamber of a low energy vibrational mill. 

10 Grinding is carried out for 3 hours. 

3 - 16.6 g of nimesulide are mixed with 49.8 g of 
NVP/VA for 15' . The powder is then poured into- the 
grinding chamber of a low energy vibrational mill. 
Grinding is carried out for 2 hours. 

is 4 - 13.3 g of nimesulide are mixed with 53.2 g of 
NVP/VA for 15' . The powder is. then poured into the 
grinding chamber of a low energy vibrational mill'. 
Grinding is carried out for 2 hours. 

5 - 2.5 g of piroxicam are mixed with 12.5 g of 
20 NVP/VA for 15' . The powder is then poured into the 

grinding chamber of a centrifugal mill. Grinding is 

carried out for 4 hours. 
- 6 - 180.0 g of , nifedipine are mixed with 800.0 g of 

NVP/VA for 15' . The powder is then poured into the 
25 grinding chamber of a high energy vibrational mill. 

Grinding is carried out for 4 hours. . 

7 - 13 .3 g of ursodeoxycholic acid ( UDCA) are mixed 
with 53.2 g of . NVP/VA for 15'. The powder is. then 
poured into the grinding chamber of a low energy 

30 vibrational mill. Grinding is carried out for 4 hours. 

8 - 11.1 g of ursodeoxycholic acid ( UDCA) are mixed 
with 55.5 g of NVP/VA for 15'. The powder is then 
poured into the grinding chamber of a low energy 
vibrational mill. Grinding is carried out for 4 hours. 
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A - 16.6 g of nimesulide are mixed with 49.8 g of PVP 
for 15' . The powder is then poured into the grinding 
chamber of a low energy vibrational mill. Grinding is 
carried out for 3 hours. 

B - 13.3 g of nimesulide are mixed with 53.2 g of PVP 
for 15' . The powder is then poured into the*' grinding 
chamber of a lpw energy vibrational mill. Grinding is 
carried out for 3 hours. 

C - 16.6 g of nimesulide are mixed with 4 9.8 g of 
PVP-CL for 15' . The powder is then- poured into the 
grinding chamber of a low energy vibrational mill. 
Grinding is carried out for 3 hours. 

p - 13.3 g of nimesulide are mixed with 53.2 g of 
PVP-CL for 15' . The powder is then poured into the 
grinding chamber of a low energy vibrational mill. 
Grinding is carried out for 3 hours. 

E - 16.6 g of nimesulide are- mixed* with 49.8 g of PVP 
for 15' . The powder is then poured into the grinding 
chamber of a low energy vibrational mill. Grinding is 
carried out for 2 hours. 

F - 13.3 g of nimesulide are mixed with 53.2 g.of PVP 
for 15' . The powder is then poured into the grinding 
chamber of a low energy vibrational mill. Grinding is 
carried out for 2 hours. 

G - 16.6 g of nimesulide are mixed with 49.8 g of 
PVP-CL for 15' . The powder is then poured into the 
grinding chamber of a low energy vibrational mill. 
Grinding is carried out for 2 hours. 

H - 13.3 g of nimesulide are mixed with 53.2 g of 
PVP-CL for 15' . The powder is then poured into the 
grinding chamber of a low energy vibrational mill. 
Grinding goes on for 2 hours. 

I - 2.5 g of piroxicam are mixed with 12.5 g of PVP- 
CL for 15'. The powder is then poured into the 
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• grinding chamber of a centrifugal mill. Grinding is 
carried out for 4 hours . 

L - 2.5 g of piroxicam are mixed with 12.5 g of P~ 
cyclodextrin for 15' . The powder is then poured into 
5 the grinding chamber of a centrifugal mill. Grinding 
is carried out for 4 hours. 

M - 180.0 g of nifedipine are mixed with 900.0 g of 
PVP for 15 ' . The powder is then poured into the 
grinding chamber of a high energy vibrational mill. 

10 Grinding is carried out for 4 hours. 

N - 13.3 g of UPC A are mixed with 53.2 g of ^ 
cyclodextrin for 15' . The powder is then poured into 
the grinding chamber of a low energy vibrational mill. 
Grinding is carried out for 4 hours. 

is o - ll.l g of UPC A are mixed with 55.5 g of 

cyclodextrin for 15' . The powder is then poured into 
the grinding chamber of a low energy, vibrational mill. 
Grinding is carried out for 4 hours. 
LIST OF TABLES 

20 Table 1: Variation of AH £ and of T f of Nimesulide 
complex with different Carriers at 40°C and 75% of 
relative humidity (R.H.). 

Table 2: Co-grinding test of Nimesulide with different 
Carriers. 

25 Table 3: Co-grinding test of Piroxicam with various 
Carriers (weight ratio piroxicam/carrier : 1/5) . 
Table 4: Co-grinding test of Nifedipine with various 
Carriers (weight ratio .nifedipine/carrier : 1/5) . 
Table 5: Co-grinding test of UDCA with various 

30 Carriers. 

Table 6: Co-grinding test of UDCA. with various 
Carriers (weight ratio nimesulide/carrier : 1/4). 
Percentage release is given. 

i 
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Table 7: Dissolution speed of Piroxicam co-ground with 
different Carriers (weight ratio nimesulide/carrier : 
1/4), Percentage release is give. 
CHARACTERIZATION TESTS 
5 Powders of co-ground products obtained by using NVP/VA 
carrier have been characterized by: 

a) . using differential scanning calorimetry 

b) . measuring dissolution speed 

and compared with co-ground products * obtained with 
10 commonly used carriers. 

Operating conditions of the tests were the following: 
Differential scanning calorimetry 

A differential scanning calorimeter Per kin Elmer, mod. 
Pyris 1, with nitrogen flow, and a heating speed of 
is 10°C/min has been used. 

Measurement of dissolution speed 

The method referred to in USP XXI, no. 2 has been 
used, using SOTAX apparatus, with thermostatation of 
dissolution means at 37 °C, and a rotation speed of the 
20 blades of 100 rpm. The concentration of dissolved drug 
has been measured by means of a spectrophotometer 
(Perkin Elmer, mod. Lambda 25). 

In the case of piroxicam as dissolution mean HC1 0.1N, 
pH 1.2 has been used; in the case of nimesulide 

25 phosphate buffer pH 7.5. 

Table 1 contains data referring to melting enthalpy 
and temperature of co-ground products obtained from 
nimesulide with the carrier according to the present 
invention NVP/VA and with comparative carriers linear 

30 and reticulated PVP, under different- conditions and 
conservation times: it can be observed that NVP/VA has 
a clearly higher ability in de-structuring nimesulide 
(lower melting enthalpies and temperatures) and in 
keeping said activation under the various conservation 
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conditions. 

Table 2 contains calorimetry data referring to co- 
ground products obtained from nimesulide with 
different ' carriers, with different weight ratios 
5 carrier/drug and different co-grinding times: in all 
cases co-ground products with NVP/VA are more de- 
structured. 

Table 3 contains calorimetry data referring to co- 
ground products obtained from piroxicam with different 
10 carriers (NVP/VA, • PVP-CL, beta-cyclodextrin) : also in 
this case NVP/VA carrier gives rise to lower melting 
enthalpies and temperatures. 

In Table 4 said higher de-structuring ability of 
NVP/VA is shown for co-ground • products with 
15 nifedipine, whereas Table 5 shows data referring to 
co-ground products obtained from ursodeoxycholic acid, 
which here again are more activated with NVP/VA 
carrier. 

Unexpectedly again, higher dissolution speeds for co- 
20 ground products with NVP/VA with respect to commonly 
used carriers have been found, as shown in Table 6 for 
nimesulide and Table 7 for piroxicam. Said' better 
dissolution properties are in line with the better 
properties of chemical-physical .activation. 



25 
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CLAIMS 

1. Method for preparing a composite product comprising 
a step in which an active substance undergoes co- 
grinding with a carrier comprising N-vinyl-2~ 

s pyrrolidone /vinyl acetate copolymer. 

2. Method according to claim 1, in which the carrier 
is N-vinyl-2-pyrrolidone/vinyl acetate. 

3. Method according to claim 1, in which the co-. 
grinding step takes place in dry conditions. 

io 4. Method according to claim 1, in which the active 
substance is chosen among non steroidal anti- 
inflammatory agents. 

5. Method according to claim 1, in which the active 
substance is chosen among anti-hypertensives. 

is 6." Method according to claim 1, in which the active 
substance is chosen among hepato-biliary agents. 
7. Method according- to claim 1, in which the ' active 
substance. is chosen among substances that are scarcely 
soluble in water environment. 

20 8. Method according to claim 7> in which the active 
substance is chosen among scarcely water soluble 
substances having a low dissolution speed, 
9. Method according to at least one of the preceding 
claims, in which the active substance is chosen among: 

25 anti-inflammatory agents, analgesics, relaxants, anti- 
microbic agents, antiseptics, acid pump inhibitors, H 2 
antagonists, anti-emetics and anti-nausea, biliary 
acids r oral hypoglycemizers, diuretics, anti- 
" hypertensives, sulfonamides, ace-inhibitors, 

30 hypolipemizers, anti-mycotic agents, antihistamines, 
hormones, quinolone derivates, antibacterial agents, 
beta-lactame and fluoroquinolone antibiotics, 
antiviral agents, anti-neoplastic agents, immuno- 
modulators and immuno-suppressors, anti-gout agents, 
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anesthetics, analgesics, antipyretics, 5HT X agonists, 
anti-Parkinson agents, anti-psychotic agents, 
tranquillizers, • antidepressants, anti-parasitic 
agents, non-cortisone anti-allergic agents, anti- 
asthmatic agents, anti-glaucoma agents, inhibitors of 
carbonic anhydrase or beta-blockers. 

10. Method according to claim 9, in which the active 
substance is chosen among: paracetamol, nifedipine, 
piroxicam, ibuprofen, sulindac, diclofenac, 
alclofenac, * ketorolac, indomethacine, naproxen, 
fenoprofen, flurbiprofen, ketoprofen, cimetidine, 
ranitidine, mesalazine, ursodeoxycholic acid, 
mefenamic acid, ' sinvastatin, megestrol acetate, 
lorazepam, ' diazepam, cyclosporin, ubiquinone, 
tolbutamide, ketanserine, furosemide, nicergoline, 
losartan, econazole, miconazole, taxol, progesterone, 
prednisolone, beclometasohe, nalidixic acid, 
finasteride, ciprof loxacine, ofloxacine, 
lomef loxacine , methotrexate , etoposide , daunorubicine , 
tamoxifen, - allopurinol, clodronic acid, sumatriptan, 
carbamazepine, • clorpromazine, clozapine, sulpiride, 
buspirone, fluoxetine, citalopram, caffeine, 
metronidazole, acetazolamide . 

11. Method . according to at least one of the preceding 
claims, in which the active substance and N-vinyl-2- 
pyrrolidone/vinyl acetate copolymer are present in a 
weight ratio between 1:200 and 10:1; preferably 
between 1:100 and 5:1. 

12. Composite product that can be obtained . from a 
process according to at least one of the claims 1 to 
11. 

13. Pharmaceutical composition comprising the 
composite product according to claim 12. 

14. Pharmaceutical composition according to claim 13, 
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in which the pharmaceutical form is chosen among: 
tablet, capsule, pellet, syrup and solution- 
is. Method for preparing • the pharmaceutical 
composition according to claim 13 comprising a step in 
which the composite product according to claim 12 is 
mixed with excipients or pharmaceutical^ acceptable 
additives'- 

16. Use of an active substance and of a carrier 
comprising .N-vinyl-2-pyrrolidone/vinyl acetate " for 
preparing a pharmaceutical formulation. 
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